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METHOD FOR THE GENERATION OF 

ANT IG EN -SPECIFIC T CELL LINES AND 

THERAPEUTIC USE THEREOF 



Cross-Ref erence to Related Application 
This application is a Cont inuat ion-in-Part of 
U.S. application Serial No. 933,789, filed November 24, 
1986. 



10 Background of the Invention 

The invention described herein was made with 
the assistance of National Institutes of Health Grant 
No. 1-P01-HD19937-01A1. The Government has certain 
rights in this invention. 

15 Although the mechanisms and agents involved in 

the mammalian immune response reaction are not fully 
understood, techniques to manipulate the immunologic 
response have great therapeutic potential. This is 
especially apparent in the care of pathological con- 

20 ditions which result in suppression of the normal 

immune responses and which are not readily amenable to 
treatment by conventional drug-based therapies.. Such 
conditions include certain viral infections, and the 
immunosuppression caused by the administration of anti- 

25 cancer drugs, drugs employed to treat autoimmune 

diseases, and those used to inhibit organ rejection 
following transplantation. 

The capacity to respond to immunologic stimuli 
rests primarily in the cells of the lymphoid system. 

30 During embryonic life, a stem cell develops, which 
di fferentia tes . along several different lines. For 
example, the stem cell may turn into a lymphoid stem 
cell which may differentiate to form at least two 
distinct lymphocyte populations. One population, 

35 called T lymphocytes, is the effector agent in cell- 
mediated immunity, while the other CB lymphocytes) is 
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the primary effector of antibody-controlled, or humoral 
immunity. The stimulus for B cell antibody production 
is the attachment of an antigen (Ag) to B-cell surface 
immunoglobulin. Thus, B cell populations are largely 
5 responsible for specific antibody (Ab) production in 
the host. At times, and for certain Ags, B cells 
require the cooperation of T cells for effective Ab 
production. 

Of the classes of T lymphocytes, T helper (T^) 

10 cells are antigen-specific cells that are involved in 
primary immune recognition and host defense reactions 
against bacterial, viral, fungal and other antigens. 
The T cytotoxic (T c ) cells are antigen-specific effec- 
tor cells which can kill target cells following their 

15 infection by pathological agents. 

While T- helper CT h ) cells are antigen- 
specific, they cannot recognize free antigen. For 
recognition and subsequent T^ cell activation and pro- 
liferation to occur, the antigen must be presented to 

20 receptors or a receptor complex on the T h cell together 
^with major histocompatibility complex CMHC) class II 
products,' or "leukocyte antigens 11 . Thus, T^ cell 
recognition of pathogenic antigens is MHC class II 
"restricted" in that a given population of Th cells 

25 must be either autologous or share one or more of the 
restricting leukocyte antigen (LA) specificities 
expressed by the MHC of the host. Likewise, T c cells 
recognize- Ag in association with class I MHC LAs. 

In the case of T h cells, this function is per- 

30 formed by a limited number of specialized cells termed 
"antigen-presenting cells." CAPC). It is now well- 
established that T helper (Th) cells recognize pro- 
cessed soluble antigen in association with class II MHC 
LA, expressed on the surface of macrophages. Recently, 

35 other cell types, such -as resting and activated B 
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« cells, dendritic cells, epidermal Langerhan's cells and 

human dermal fibroblasts, have also been shown to pre- 
* sent antigen to T cells, Epstein-Barr virus trans- 

formed human lymphoblastoid B cells (LCL) have been 
5 shown to present tetanus toxoid, M. Leprae and Candida 
albicans to autologous antigen-specific T cells. 

If a given cell possesses receptors or a 
receptor complex which enable it to recognize the 
MHC-class II LA-antigen complex, it becomes activated, 

10 proliferates and generates lymphokines such as 

interleukin 2 (IL-2), The lymphokines in turn cause 
the proliferation of several types of "killer cells", 
including T c cells and macrophages, which can exhibit 
antimicrobial and tumoricidal activity. After stimula- 

15 tion subsides, survivors of the expanded cells 
remain as memory cells in the body, and can expand 
rapidly again when the same antigen is presented. The 
importance of T cells in the recovery from acute viral 
infections has been well established for some viruses, 

20 in particular the myxovirus, (influenza), the pox- 
viruses (ectromelia and vaccinia), and the arenavirus, 
(lymphocytic choriomeningitis virus ) . 

Despite the well-established importance of the 
defense mechanisms of the immune system to the well- 

25 being of the host, the therapeutic potential of these 
agents has not been realized. In a preliminary study, 
S. A* Rosenberg et al., New England J . Med . , 313 , 1485 
(1985) reported that the systemic administration of 
autologous peripheral blood lymphocytes ( PBL ) which had 

30 been: incubated with IL-2, along with additional IL-2, 
to patients with advanced cancer achieved cancer 
regression in 11 of the 25 patients treated. Rosenberg 
et al. termed the incubated PBLs lymphokine— activated 
killer (LAK) cells" and reported that they were members 

35 of a cytolytic system which is distinct from that of 
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natural killer cells and cytotoxic T cells. However, 
subsequent studies employing this therapy have not con- 
firmed the promise of these. early results. 

Whatever the long-term results of this 
5 approach to "adoptive immunotherapy", Rosenberg et al. 
noted that " [t] he major difficulty in the application 
of this approach to the treatment of human cancer has 
been the inability to generate sufficient numbers of 
autologous human cells with antitumor reactivity that 

10 could be used for systemic therapy." This is particu- 
larly problematic in the case of patients who are 
immunosuppr essed due to infections, cancers, organ 
transplant or anti-neoplas tic drugs and the like. 

Likewise, numerous attempts have been made to 

15 isolate and maintain homogeneous populations of T c or 
Tft cells and to characterize them in terms of their 
antigen specificity and MHC restriction. These 
attempts usually involve the stimulation of mononuclear 
cells from a seropositive human or murine host with 

20 bacterial or viral preparations in combination with 
,non-prolif erative APCs, such as irradiated autologous 
mononuclear ceils* (MNCs.). Proliferating polyclonal 
populations of T h cells or T c cells are cloned by 
limiting dilution to obtain homogeneous populations and 

25 then further proliferated and characterized by a 

variety of techniques. As noted by Rosenberg et al. in 
the case of cloned LAK cells, one of the major 
obstacles in cloning T lymohocytes is the limited 
availability of autologous, or alternatively, allo- 

30 geneic MHC LA-matched MNCs , especially from clinical 
subjects. 

To overcome this problem, APCs. other than 
autologous MNCs have been employed as APCs. For 
example, T. Issekutz et al., J. Immunol ., 129 , 1446 
35 (1982) first disclosed that autologous Epstein-Barr 
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virus CE8V ^-transformed LCL lines can present antigens 
associated with tetanus toxoid to tetanus-reactive 
polyclonal T cells and T cell clones, D. R. Kaplan et 
al. f in Cellular Immunology , 88 , 193 (1984) reported. 
5 the production of three T c cell clones by the prolif- 
eration of peripheral blood MNCs from a type A 
influenza immune donor. One of the clones proliferated 
in the presence of irradiated, v i rus- in f ected , autolog- 
ous MNCs or in the presence of irradiated, infected 

10 Epstein-Barr virus transformed allogeneic lymphoblas- 
toid cells (LCL). 

B. G. Elferink et ai., Scand 3 . Immunol . , 22, 
585 (1985) further showed than autologous and allo- 
geneic Epstein-Barr Virus (EBV )- trans formed LCL lines 

15 can present antigens associated with- M. leprae bacili 
to M . leorae -react ive cloned T cell lines. A further- 
paper by this group described the isolation of a T cell 
clone which may recognize only M_^ leprae antigens. The 
cloning method used autologous EBV- trans formed LCLs as 

20 APCs. The advantage of using EBV- trans formed LCLs is 
that they may provide a continuous and unlimited source 
of APCs. ' [j.B.A.G. Haanen et al., Scand . J . Immunol , , 
23, 101 (1986).] 

Human cytomegalovirus (HCMV) is a large 

25 species-specific herpesvirus ( ON A 1.5X10 8 Da) which 

shares the properties of latency and reactivation with 
other members of this group. HCMV is ubiquitous 
(30-70* of adults are seropositive) but the principal 
site(s) of latency of HCMV are uncertain, as are the 

30 molecular events involved in its reactivation. HCMV 

infection and reactivation can be asymptomatic, but are 
associated with appreciable morbidity and mortality in 
immunosuppressed subjects. For example, HCMV is the 
most common cause of opportunistic infection in bone 

35 marrow transplant patients. More than 80% of those who 
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develop HCMV pneumonia die despite current treatment 
modalities. 

Whereas monoclonal antibody therapy may be 
helpful as a prophylactic treatment, it has been 
5 suggested that survival of immunosuppressed patients 
with serious HCMV infections may be dependent on the 
presence of HCMV-specif ic T cytotoxic cells. Quinnan 
et al., in New England 3 . Med . , 307 , 7 (1982) have 
suggested that HCMV-specif ic cytotoxic T ceil responses 

10 in these patients are associated with clinical recovery 
and cessation of viral excretion, whereas those with 
active infections who did not develop cytotoxic 
responses uniformly died. 

R. C. Gehrz et 2l., Lancet , 2, 844 (1977), dis- 

15 closed that infants with congenital HCMV infection have 
an antigen-specific defect in T helper cell prolifera- 
tion which is associated * i t h persistence of reoii- 
cating viral infection for nonths to years aesoite the 
presence of HCMV-specif ic antibodies. Acquisition of 

20 HCMV-speci f ic lymphocyte proliferative responses 

appears to be associated with a diminution, in viral 
excretion... Thus, it is likely that HCMV-speci fic T 
helper cells play a significant role in immune defense 
against this virus in immunocompetent hosts. 

25 Iri patients with reactivated HCMV infection, 

antibodies directed against HCMV antigens are not pro- 
tective or are only useful in conjunction with appro- 
priate T cell responses.. Peripheral blood lymphocytes " 
(PBL) are als.o not likely to be useful as therapeutic 

30 agents, even if they could be obtained in sufficient 
quantities. The numbers of T helper cells or T cyto- 
toxic cells reactive with a particular antigen are 
extremely low and thus, selective expansion of 
antigen-specific T cells ijn vitro will be required to 

35 obtain sufficient numbers for therapeutic purooses. 
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Moreover, therapeutic administration of allogeneic PBLs 
would activate T cells recognizing "foreign" leukocyte 
antigens, resulting in a mixed leukocyte culture reac- 
tion. This mixed leukocyte culture reaction may acti- 
5 vate undesirable non-specific immune responses, or 
alternatively, induce suppressor cells which might 
inhibit desired antigen-specific immune responses. 

Autologous or allogeneic antigen-specific T 
cell lines are likely to express a desired therapeutic 

10 activity without attendant ccmplicat ions associated 
with the mixed leukocyte culture reaction. L. K . 
Borysiewicz et al., Eur. J. Immunology , 13 , 804 (19833 
reported the generation of short-term polyclonal 
cell lines by the expansion of MNCs from seropositive 

15 subjects with soluble HCMV antigen in the presence of 
IL-2. When the MNCs were co-cultured' on autologous 
HCMV-in f ected fibroblasts, polyclonal T c cells were 
generated, which lysed HCMV- infected cells. 

However, a need exists for improved methods 

20 to generate and maintain populations of cells and T c 
cells which are specific to antigens associated with 
viruses -such as HCMV ana other pathogenic agents, A 
further need exists for immunotherapeutic methods based 
upon the administration of antigen-specific T lympho- 

25 cyte populations of known biological activity to mam- 
malian subjects. 

Brief Description of the Invention 
I. Production of T Cell Lines 
30 A. T Helper Cells 

The present invention is directed to methods 
for the efficient production of a homogeneous popula- 
tion of T helper (T h ) cells which are specific for a 
viral antigen, such as an HCMV antigen. It is believed 
35 that the present methods provide the basis for the 
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efficient production of cloned cells while using a 
minimum amount of antigen and lymphokine support, 
while maintaining both the antigenic specificity and 
functional activity of the clones. In its broadest 
5 aspect, the present method comprises: 

Ca) isolating a population of mononuclear cells 
(MNC) from the blood of a donor mammal, 
wherein the MNC population comprises T helper 
10 cells specific for a viral antigen, and auto- 

logous, non-proliferative, antigen -presenting 
cells (APC); 

Cb) combining said isolated population of said 
15 MNCs with an amount of the viral antigen 

effective to cause the proliferation of a f 
helper cell which is specific for the antigen- 

Cc] allowing said T helorr ceil to proliferate for 
20 a period of time effective to allow non- 

proliferating MNCs :o lose viaoiiity; and 

C d 3 clonaily expancing z^e antigen-specific T 

helper ceil in the presence of an amount of 

25 non-proli f erat ive antigen-presenting ceils 

comprising a mixture " of .( i) autologous MNCs, 
allogeneic MNCs or mixtures thereof; and (ii) 
autologous iymphobiascoid cells CLCLs), allo- 
geneic LCLs or mixtures thereof; and an amount 

30 o f said viral antigen effective to proliferate 

said cloned antigen-specific T helper cell, to 
yield said homogeneous population, and wherein 
said LCLs are present in an amount effective 
to increase the proliferation rate of the T 

35 helper cell over that caused by the MNCs . 
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During the selective proliferation step (c), 
which may require 1-2 weeks, it can also be effective 
to add an additional amount of said viral antigen and 
the autologous, non-prolif erat ive APCs, in order to 
5 cause the further proliferation of the T helper cell, 
so as to enhance the production of a viable polyclonal 
population of viral antigen-specific cells prior to 
step Cd). In step (d), antigen-specific monoclonal 
cells may be derived by limiting dilution, or by single 

10 cell isolation by micromanipulation or flow cytometry- 
Antigen-specific polyclonal T cell lines, as 
well as monoclonal an t igen-spec i f ic ,T cells, have 
potential therapeutic benefit. Thus, the term "T cell 
line" as used herein may appropriately refer to an 

15 expanded population of polyclonal T cells which is 

uniquely reactive with a given antigen, or to a homo- 
geneous population of monoclonal T cells which has been 
derived by the expansion from a single progenitor T 
cell • 

20 Since the present invention comprises the pro- 

liferation of antigen-specific T h cells, it also pro- 
vides a met.hoc for proliferating a homogeneous popula- 
tion of T helper cells which are specific for a viral 
antigen comprising combining said homogeneous popula- 

25 tion of T helper cells with an amount of the antigen 
and an amount of a mixture of non-proii f era t ive , 
antigen-presenting cells (APC) effective to cause the 
proliferation of the population of T helper ceils, 
wherein said mixture of APCs comprise (i) autologous or 

30 allogeneic lymphoblas to id cells ( LCL ) and (ii) auto- 
logous or allogeneic mononuclear cells (MNC), wherein 
the LCLs are present in an amount effective to increase 
the proliferation rate of the T helper cells over that 
caused by the MNCs. Preferably, the LCLs are derived 

35 from a continuous lymphoblastoid cell line, such as can 
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be produced by viral transformation, hybridoma tech- * 
nology and the like. The APCs are rendered non- 
proliferative by techniques known to the art, e.g., by * 
x-irradiat ion , treatment with chemical agents such as 
5 mitomycin C and the like. 

Both non-prolif erative MNCs and LCLs have been 
found to cause the proliferation of T h cells when' they 
are derived from the same host as the cells or are 
allogeneic MNCs or LCLs which share one or more class 

10 II restricting antigens (abbreviation: "MHC 

LA-ma tched" ) . It was surprisingly found that a mixture 
of LCLs and MNCs can synergistically present antigen to 
cells, thus substantially increasing their prolifer- 
ation rate over that caused by an equivalent number of 

15 either type of APC when used alone* 

For example, this effect is observed in the 
case of a viral antigen such as an KCMV antigen, when a 
mixture of EBV- trans formed autologous LCLs ana autolog- 
ous MNCs are employed as the APCs in a racio of at 

20 least about 1:10. Preferably, the racio of T h ceils to 
LCLs added is about 1:1-3 and the ratio of cells to 
MNCs is about 1:3-10. 

Furthermore, only a limited density of LCL is 
required to substantially augment the expansion of T h 

25 clones. This aspect of the present methoo is important 
from a practical point of view in that human antigen- 
specific T h clones can be expanded into large quanti- 
ties in a relatively short period of time using limited 
numbers of MNCs . For example, in. accord with the pre- 

30 sent method, HCMV-speci f ic T h clones could be expanded 
from l-2xl0 6 cells to 10 9 cells in 2 weeks by using 
l-2xl0 7 MNC and 1x10 s LCL as APC. 

It has also been found highly preferable to 
carry out proliferation steps Cc) and/or (d) of the 

35 present method in the presence of an effective amount 
of interleukin-2 ("IL-2" or M TCGF " ) m 
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A further aspect of the present invention com- 
prises increasing the proliferation rate of the viral - 
antigen-specific T h cells by conducting the initial 
proliferation step (steps a-c, hereinabove) or the 
5 subsequent expansion step (step (d), hereinabove) in 
the presence of an amount of monoclonal antibody which 
is specific for said viral antigen. In one embodiment 
of this aspect of the invention, the proliferation rate 
of a Th cell specific for an HCMV viral antigen is 
10 increased by combining MNCs isolated from the blood of 
an HCMV-seropos it i.ve donor mammal with a monoclonal 
antibody specific for an antigen present on an HCMV 
gene product such as a structural protein. The mono- 
clonal antibody is employed in combination with (a) an 
15 effective proliferation-stimulating amount of said 

antigen, and (b) an amount of autologous AFJs selected 
from the group consisting of (i) non-prolif srating 
MNCs, C'ii) a non-proliferating LCL derived from a con- 
tinuous LCL, and (iii) mixtures thereof, e.g., mixtures 
20 which can cooperatively, interact to further increase 
the proliferation rate of the T h cells. Preferably, 
the autologous, non-proliferating antigen-presenting 
cells are selectaa from the group consisting of x- 
irradiated autologous MNCs, an x-irradiated Epstein- 
25 Barr Virus ( EBV )- trans formed lymphoblas toid cell line 
(LCL) and-mixtures thereof. These are the preferred 
APCs for use in step (b) of the present method, whether 
or not monoclonal antibody and/or IL-2 is employed to 
increase the proliferation rate. 
30 B. T Cytotoxic Cells 

The present method can also be employed to 
produce a homogeneous population of T cytotoxic (T c ) 
cells which are specific for an HCMV antigen. This 
aspect of the present invention comprises the steps of: 

35 
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(a 1 ) isolating a population of mononuclear cells 
(MNC) from the blood of a donor mammal, pre- 
ferably a human, wherein the MNC population 
comprises T c cells specific for said viral 
5 antigen; 

(b 1 ) combining said isolated population of said 
. MNCs with Ci) an amount of autologous, non- 
proliferative, antigen-presenting cells (APC), 
10 e.g.-, irradiated MNCs, (ii) an amount of said 

HCMV antigen, and Ciii) an amount of inter- 
leukin-2 ClL-2), effective to cause the pro- 
liferation of a T c cell which is specific for 
said antigen; 



15 



20 



Cc 1 } allowing said T c ceil to proliferate for a 
period of time effective to allow non- 
proliferating MNCs to lose viab-ility; and 



C d 1 ) clonaiiy-exoanaing said ant igen-soeci f ic T - 

ceil in the presence of ii) an a~0'-nt of non- 
"proliferative, autologous, antigen-presenting 
cells; non-prolif era tive , allogeneic, antigen- 
presenting cells or mixtures thereof, ( ii ) an 
25 amount of IL-2 and Ciii) an amount of said 

HCMV antigen, effective to proliferate said 
clonea antigen-specific T c cell, to yield said 
homogeneous population. 

30 Steps (b l ),.(c l ) or (c l ) are preferably 

carried out in the presence of a monoclonal antibody, 
which is specific for an HCMV antigen", and which acts 
to increase the proliferation rate of said T c cell. 

As previously described for antigen-specific T 

35 helper cell lines, polyclonal T c lines reactive with a 
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x particular viral antigen can be expanded by continuous 

stimulation of T c blasts exhibiting -cytotoxic activity 
against target cells expressing the desired antigen. 
Homogeneous populations of virus-specific T c clones 
5 derived from a single progeny T cell may be obtained by 
limiting dilution, or by single cell isolation by 
micromanipulation or by flow cytometry, followed by 
expansion according to step (d 1 ). 

Other preferred embodiments of this T c cell 

10 proliferation method include (1) the use of whole HCMV- 
viral antigen or the use of HCMV-infected autologous or 
allogeneic fibroblasts as a source of cell-associated 
viral antigen, e.g., an HCMV immediate-early protein- 
(2) the addition of additional amounts of the viral 

15 antigen, IL-2 and the autologous, non-prolif erative 
APCs during the course of step. (c l ) to cause further 
proliferation of said T c cell, and (3) the use, in step 
( b 1 ) or in step ( d 1 ) , of antigen-presenting cells which 
further comprise non-prol i f erat ive MNCs tierivea -"rom a 

20 continuous autologous MNC line in an amounc effective 
to increase the proliferation rats of the T c cells over 
that caused by the autologous mononuclear antigen- 
presenting cells. This continuous, autologous MNC line 
preferably e comprises a virus-transformed LCL, i.e., an 

25 EBV-transformed LCL. 

The present invention is also directed to a 
method for proliferating a homogeneous population of T c 
cells which are specific for an antigen, such as a 
viral antigen, i.e., an HCMV antigen. The method com- 

30 prises combining said homogeneous population of T 
cytotoxic cells with an amount of said antigen, an 
amount of interleukin-2 (IL-2) and an amount of a mix- 
ture of non-prolif erative , antigen-presenting cells 
(APC) effective to cause the proliferation of said 

35 population of T c cells, wherein said mixture of APCs 
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comprise allogeneic virus-transformed lymphoblas toid 
cells' (LCL) and allogeneic mononuclear cells (MNC). 
The method further comprises combining said population 
of T c cells with an amount of monoclonal antibody 
5 specific for said antigen, which monoclonal antibody 
acts to increase the proliferation rate of said popula- 
tion of cells. 

As used herein with respect to a pathological 
target such as a virus or an infected cell, the term 

10 "antigen 1 ' refers to a compound such as a polypeptide, 
polypeptide complex, glycoprotein, nucleic acid or the 
like, which elicits an immune response, A pathological 
target antigen* may be a portion of the pathological 
target itself, e.g., a viral envelooe glycoprotein, or 

15 it may be an antigen expressed by a diseased tissue 

such as neoplastic tissue or a virus-in f ected cell. An 
"antigen-specific" T lymphocyte becomes activated in 
the presence of a single antigen when it is cresented 
by an antigen-presenting ceil C APC ; , i^^ssac: at ion 

20 with a specific leukocyte antigen L i_ A j expressed by the 
antigen-presenting cell. An an tigen- soeci f ic T n ceil 
will proliferate in a suitacie medium in tr.s presence 
of the antigen for which it has soecificicy wnen saia 
antigen is presented to the T h ceil zy an A?c which 

25 also expresses the leukocyte antigen for wnicn the.T h 
cell has specificity. As noted hereinabove, in the 
case of human T helper cells, the specific leukocyte 
antigen will be a human MHC class II antigen, whereas 
human T cytotoxic cells are specific for MHC class I 

30 antigens. . 

C. HCMV Ant ioen-Soecif ic T Cell Lines 

Preferred embodiments of the present invention 
comprise homogeneous, populations cf T c or Th cells, and 
methods for the production thereof, wherein a given 

35 'cell population is specific for an HCMV antigen. 
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When a T cell or a T cell clone is said to be 
antigen-specific, although the composition comprising _ 
the antigen may be specified, the epitope, or specific 
antigenic site, on the antigenic composition, is not 
5 necessarily known. For example, three different homo- 
geneous populations of T helper lymphocytes may be 
specific for one particular. HCMV structural protein or 
glycoprotein.' While they all respond to the same anti- 
gen, and thus, have the same antigen specificity, they 
10 may have different specificities at the submolecular 

level, meaning they may respond to differer*: regions of 
the antigen, or eoitopes. within this context, dif- 
ferent HCMV-speci f ic T lymphocytes have the same 
submolecula r-speci f icity only if they recognize the 
15 same epitope on the same HCMV-associated antigen. They 
may still be specific for the same antigen, however, if 
the antigen has a plurality of epitopes as presented by 
APCs in different instances. 

For example, the HCMV ON A genome is. trans- 
20 cribed in sequential order, beginning wi:h the 

restricted transcription of immedia ce-early genes 
encoding regulatory proteins requirea for subsequent 
expression of early genes. The major immediate-early 
gene (I-El) encodes a 68 kO regulatory protein which is 
25 expressed on the membrane of infected cells 6-24 hours 
after onset of infection. HCMV-speci fic T cytotoxic 
cells are thought to primarily recognize this 
immediate-early protein as part of their role in immune 
surveillance to prevent reactivation of latent HCMV. 
30 Transcription of early genes precedes the 

onset of DNA synthesis. Included among the early gene 
products are virus-specific polymerases and kinases 
necessary for DNA replication. These enzymes do not 
appear to play an important role in immune responses. 
35 However, the late HCMV genes encode a variety 

of immunogenic structural proteins and glycoproteins. 
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Included among. these proteins are disul fide- bridged 
envelope glycopeptide complexes, non-gly cosylated 
envelope proteins, tegument glycoproteins bridging the 
viral nucleocapsid with the outer envelope; and matrix 
5 proteins forming the internal capsid structure of the 
virus. 

The purification and characterization of a 
number of immunogenic structural glycopeptide complexes 
and reduced, glycopeptides from the HCMV envelope frac- 

10 tion, along with monoclonal antibocies (MoAbs) specific 
thereto, is fully disclosed in U.S. application Serial 
No, 933,789, *iled November 24, 1986. the cisclosure of 
which is incorporated by reference herein. The orimary 
glycopeptides, glycopeptide complexes ind MoAbs 

15 described therein are summarized in Table 1, beiov/. 



20 
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TABLE 1 



HCMV Surface Glycopept ide Complexes and 
Glycopept ides Immunoprecipitat ed by MoAbs 



Glycopept ide 
Ion-Exchange HPLC Complex Immuno- 
Peak* (MoAb Reac- precipitated 
tivity ) (mol wt . , kP ] 



10 2 (9E10] + 



93 



Glycopept ides 
Immunoprecipitated 
After Reduction 
(mol wt., kP] 

50-52** 



4 (9E10) 



450 



50-52**, 90, 116, 
130, >200 



15 2 C41C2, 987] 



130, and >130 



+ + 



50-52, 93 , 130 



20 



2 (none) 



93 kO Glycopep- 
tide not asso- 
ciated in Di- 
sulfide- linked 
Compi 2 x 



93 kD Glycopep- 
tide*** not 
Immunoprecipi- 
tated by any MoAb 



* The Detergent Extraction, HPLC, ^eauction, Immuno- 
25 precipitation and Electrophoresis Methodology 

employed to obtain these materials from a purified 
whole virus preparation (designated "Whole HCMV 
Antigen" in Example I, below] is fully set forth in 
B. Kari et al., J. Virology , 60,. 345 (1986], the 
30 disclosure of which is incorporated by reference 

herein . 
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. The hybridomas producing these MoAbs have been 
deposited with In Vitro International . Linthicum, 
MD, and have been assigned the following access 
codes: Hb 2-29-9B7 ("9B7") = IVI-10117; Hb 
2-15-9E10 C"9E10 n ) = IVI-10118; Hb 1-48-41C2 
C n 41C2 H ) - IVT-10119. 

gpA, **gpB, ***gpc. 



The immunogenic glycopeptide complexes and 
glycopeptides listed on Table 1 are useful to selec- 
tively stimulate the proliferation of T h cells derived 
from the blood of an HCMV-seroposit ive donor. Like- 

15 wise, monoclonal antibodies of known binding specifi- 
city such as 9E10, 41C2 and 9B7 can be used to purify 
viral antigens. These monoclonal aniiDoaies can also 
be used to augment antigen recognition by T h cell 
clones, thereoy facilitating their exoansion in the 

20 presence of limited amounts of viral antigen. 

II. Imrnuno t he rao v with," C e II Lines 

T cell recognition of ciffsrent HCMV proteins 
is Important In planning the proper course of immuno- 

25 therapy with the T cell lines. The T n cells exempli- 
fied herein primarily recognize structural proteins of 
HCMV. They are, therefore, likely to. be important in 
the recognition of cell-free virus (i.e., in cases of 
acute viremia). Data in mice and humans show that cer- 

30 tain T cytotoxic cells recognize immediate-early pro- 
teins, which are expressed on the surface of infected 
cells. Since these proteins are only produced after 
the viral genes are expressed by the host cells, such 
T c cells are important in preventing reactivation of 

35 latent HCMV and their administration may be indicated 
for both prophylaxis and specific HCMV treatment. 
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The preferred T cell lines recognize viral 
antigens in association with human LA products. There- 
fore, therapeutic T cells must be either autologous or 
share one or more of the restricting specificities 
5 expressed by the patient. In the context of the 
transfer of isolated T cells to an individual as a 
means of therapy, allogeneic cells are cells from a 
donor individual of the same species as the recipient 
which are major histocompatibility complex matched for 

10 an appropriate human leukocyte antigen (HLA) class of 
antigens expressed by the recipient (abbreviation "mhc 
LA-ma t ched " ) . Therefore, when dealing with a patient 
with a pathological infecticn such as chronic HCMV 
disease, one can expand autologous antigen-specific T 

15 cell lines i_n vitro for subsequent T cell thera-py via 
re-administration. Alternatively, when rapid access to 
T cell clone reagents is important to treat acute life- 
threatening infection, pre-expans ion and administration 
of a purality of expanded allogeneic therapeutic T 

20 cells of known viral an t igen- spec i f id i z y and/or HLA 
type can be employed. This technique is particularly 
important in the case of a patient who is immuno- 
suppressed. 

•Therefore, a further aspect of the present 
25 invention is directed to a method of using T lympho- 
cytes (T cells) for a therapeutic treatment of a 
mammal, such as a human patient, having a viral infec- 
tion, such as an HCMV infection. The method comprises 
treating said infected mammal with an amount of a homo- 
30 geneous, clonally-expanded , viral antigen-specific T 

cell population effective to elicit an increased immune 
reaction to the viral infection, wherein said T cell 
population is specific [a] for at least one leukocyte 
antigen (LA) present on the surface of an antigen- 
35 presenting cell (APC) of said mammal, and (b) for an 
antigen of said virus. 
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Preferably, the clonally-expanded T cell popu- 
lation will consist essentially of T h cells or T c 
cells. . As discussed hereinabove, it is often prefer- 
able to administer a plurality Cor "bank" 1 ) of homoge- 
5 neous, clonally-expanded, viral antigen-specific T cell 
populations in order to (a) promote immune system 
recognition of antigens expressed during different 
stages of. infection and/or C b 3 to guarantee that an 
effective number of the total T cell populations will 

10 be MHC-matched to the recipient. 

Therefore, the present method of T csll immu- 
notherapy comprises the administration of a plurality 
of T cell populations which comprise T cells having 
specificity (a) for a plurality of different antigens 

15 of said virus, and C b D for at least one LA oresent on 

the surface of an APC of said mammal. Furthermore, the 
present method can also comprise the administration of 
a plurality of T ceil ocpulatians, each comprising T 
cells having specificity (a) for at lea s.t— oae an t igen 

20 of said virus, and (b) for a oiuraiity of different LAs 
present on the surfaces of APCs of a plurality of allo- 
types of a single species of said mammal, wherein at 
least one LA is LA-rest rict ion-ma tched with saiG 
mammal 

25 Polyclonal lines- as well as T cell clones may 

have significant therapeutic potential. A particular 
advantage of antigen-specific polyclonal T cell lines 
is that they include T h and/or T c cells which can 
recognize the- target viral antigen in association with 

30 all restricting MHC LAs expressed by the T cell donor. 
The advantage of virus-specific T h and T c clones 
derived from a single progenitor T cell is that they 
represent a homogeneous population with cells of known 
antigen specificity, functional activity, and MHC LA- 

35 restriction specificity. Therefore, they are likely to 
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exhibit maximal therapeutic effect since all cells in 
the population exhibit the same functional activity . 
From a practical point of view, however, a much larger 
"bank" derived from discrete T cell populations will be 
5 required if monoclonal T cells are to be used. 

Since the methods of the present invention 
permit the administration of a therapeut ically- 
effective amount of cells and/or T c cells, the 
afflicted mammal may, but need not be, concurrently 

10 treated with exogenous lymphokines such as IL-2 (TCGF). 
Since the administration of large doses of IL-2 has 
been associated with adverse reactions in some 
patients, the ability to enhance the immune response in 
the absence of IL-2 can provide a substantial improve- 

15 ment in the efficacy of T cell therapy. 

Representative antigen-specific T cell lines 
which have been generated in accord with the present 
methods and which are representative of the populations 
which can be used to generate the T cell "banks" 

2Q discussed above are listed in Table 2, below. 



25 



30 



35 
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Table 


2: T Cell Lines 




T Poll 

i ue ± x 


Designation 


HCMV 

Ant iqen Specificity 


IVI Access 
Code 




WRC-T3#3 


gpA 


10124 


5 


CSP-CN/LCL) 






T h a 


WRC-T2*41 


gpA 


n/a 




WRC-T2*88 


64 kD matrix protein 


10125 


T h a 


WRC-T2+131 


64 kD matrix protein 


n/a 


Tc b 


SP-CN CA-1 


I-Eic 


10126 


10 T c a 


SP-RK-3 


structural protein 


10127 



a clonal b polyclonal P Immediate-Early Protein 
(68 kD) 

d Deposited with In Vitro International, Lithicum, MD, 
in accord with the Draft Patent and Trademark Office 
Deposit Policy for Biological Materials, 3NA PCTJ, 
.22, 90 Q986). 



20 . ^..- a - — 

The present invention has Seen described pri- 
marily in terms of the proouc:ion of 7 n ana 7 - ceils 
which are specific for viral antigens, anc tne treat- 
ment of viral Infections with homogeneous populations 

25 of these T cells. However, it is believed thai homo- 
geneous populations of T h and T c cells which are speci 
fic for antigens on a wide variety of pathological 
targets can be prepared using the present method, and 
that these populations will be effective to augment or 

30 stimulate the immune response to a wide variety of 
pathogens or pathological targets . 

Defined broadly, a pathological target is an 
entity within a mammalian body which is- The cause of, 
or a result of, a disease which threatens the health 

35 and well-being of the mammalian host, ThB target may 



8807077A1 > 



WO 88/07077 




PCT/US88/00383 



-23- 

be an entity which is foreign to the host such as a 
virus, bacterium, fungus, or the like, or it may be a 
product of a disease or pathological condition, such as 
a virus-infected cell, a neoplastic cell, and the like. 
5 In specific embodiments of the therapeutic treatment of 
the present invention, the pathological target of the 
treatment is occasionally a secondary infection which 
is more threatening to the intended recipient because a 
primary illness has weakened the recipient's ability to 
10 respond immunologically to the secondary infection. 
Many aspects of the primary illness may weaken the 
intended recipient's immune response to the secondary 
infection, including therapeutic treatments which act 
to suppress aspects of the recipient's immune system. 
15 Such treatments include,. but are not limited to, 
radiation therapy, chemotherapy and the like. 

In summary, the present therapeutic method can 
employ allogeneic T cells from individuals of the same 
species who are MHC LA-matched. This will enaol-e 
20 physicians and pharmacists to simply use pre- f o.rmeo 

dosage forms of allogeneic T cells to treat a patient. 
Since T cells which are not matched are simply ineffec- 
tive in aiding the patient, the dose may contain many 
cells, some of which are matched and will aid the 
25 patient and some of *hich are not matched and will not 
aid the patient. 

In this way, a single dosage form may be used 
to treat a number of patients sharing one or more LAs 
expressed by the allogeneic therapeutic cells. In 
30 addition, the dose may contain both T c and T h cells 
which have different MHC class restrictions. 
Obviously, such a therapeutic treatment does not 
require the preparation of doses on a case-by-case 
basis. This means that the T cells can be expanded in 
35 large culture mediums , allowing for efficiencies of 
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scale. In addition, the cells can be made immediately 
available without requiring individualized collection, 
leukapheresis and culture. 

Notwithstanding the foregoing advantages, 
5 however, the most promising feature of this new 

immunotherapy is the prospect that each dose will con- 
tain antigen-specific T cells. This represents a sub- 
stantial advance over the Rosenberg et al. method which 
affords only non-specific enhancement of cytotoxic 

10 cells. In the present method, a dosage form may be 
provided which contains allogeneic T h and T r cells 
which are specific for a variety of antigens which are 
all associated with a particular pathogen. For 
instance, a unit dosage may contain a plurality of T h 

15 and T c cell clones which have been indivicuaily 

cultured and then mixed. The dosage form nay contain 
Th and T c cells with a pre-selected numoer of LA 
restrictions, and also a pre-seiectea numoer of antigen 
specificities. If a particular pathogen is Known to 

20 express 10 or 20 known epitopes on a variety of anti- 
gens, structural or otherwise, the aose may contain 
appropriate T cells having specificity for eacn. 

Treatment methodologies will normally involve 
the parenteral administration of a theraoeuticaily 

25 effective amount of autologous or allogeneic T cells in 
a suitable liquid vehicle, such as a physiological salt 
solution. One such protocol is that provided by 3. A. 
Rosenberg et al., Mew England 3 . Med . , 313 , 1485 
(1985), but the number of cells delivered per dose,, and 

30 the number of doses administered will vary widely, 
depending upon factors determined by the clinician, 
including the pathology under treatment, the physique 
and the physical condition of the patient and other 
factors. However, due to the enhanced efficiency of 

35 the proliferation method of the present invention, it 
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may be possible to remove substantially fewer MNCs from 
the patient, and to return substantially more autolog- 
ous antigen-specific T cells to the patient, than 
called for by the Rosenberg et al. methodology. 

5 

Detailed Description of the Invention 
The invention will be further described in 
accord with the following detailed examples. 

10 EXAMPLE I 

1 . Preparation of Viral Antioens 

Human primary fibroblast cultures grown in 
Dulbecco's Modified Eagle's Medium (DMEM) plus 10% 
fetal bovine serum were infected with Towne strain 

15 HCMV at an multiplicity of infection (MOI) of 1-5. 

At 3-4 days post infection [ 3 kJ glucosamine (5 
uCi/ml, 22 Ci/mM, Amersham, Arlington Heights, IL) 
or [ 35 s] methionine (5 uCi/ml, 109 Ci/mM, 
DuPont/NEN, Boston, ma) was actied as a marker 

20 during subsequent purification, for certain of the 

experiments described hereinbeiow. 

Cells and cellular aebris were removed 
from the medium by low-speed cent ri fugat ion at 7500 
x g for 20 min. Virus was collected from the 

25 supernatant by centr if ugat ion at 48,200 x g for i 

hr. The viral pellet was rssuspended in Tris NaCl 
buffer (50 mM t r ishy droxyme thy lamino methane-HCl, 
pH 7.4, and 150 mM NaCl) and layered onto 20-60% 
sucrose gradients made with the same buffer. 

30 Velocity sedimentation- was done at 131,300 x g for 

1 hr. Gradients were collected and monitored for 
optical density at 280 nm. A major peak of optical 
density which banded at 43% sucrose was collected. 
These fractions were diluted with Tris NaCl buffer 

35 and virus collected by cent ri fugat ion at 131,300 x 
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g for 2 hrs. This purified whole. virus preparation 
was designated "Whole HCMV Antigen". 

In order to solubilize membrane consti- 
tuents, the whole HCMV antigen preparation was re- 
5 . suspended in 2-4 ml TN buffer CTris-NaCl buffer (50 
mM Tris hydrochloride, pH 7.5, 10 mM NaCl, 2 mM 
pheny Imethylsulf onyl fluoride)) containing 1% 
Triton-X 100 (TX-100). After incubation at ambient 
temperature for 60 minutes, this solution was 
10 layered onto a linear 20-60% sucrose gradient for 

rate zonal cen tr if uga t ion at 120,000 g for 60 
minutes. The TX-100 solubilized material remained 
at the top of the gradient, while the HCMV nucleo- 
capsids were banded by velocity sedimentation. 
15 Alternatively, detergent extracts of Towne strain 

HCMV were prepared using 1.0% Nonidec P-40 (NP-4Q, 
Sigma Chemical Company). In this method, 1Q-15 mg 
of the purified whole HCMV antigen were susoended 
in 3-5 ml of TN buffer containing 1% NP-40. 
20 Detergent-virus suspensions were stirred fcr one 

hour, at room temperature. The extracted proteins 
were separated from insoluble proteins by high- 
speed centr if ugation for I hour. The extract 
obtained by either of these methods was designated 
25 " HCMV detergent extract". 

Whereas HCMV-spec if ic T helper cells 
appear to recognize HCMV proteins and glycoproteins 
contained within the whole. HCMV antigen prepara- 
tions, HCMV-specif ic cytotoxic T cells recognize 
30 primarily HCMV-encoded proteins expressed on the 

surface of infected cells. In particular, the 
major immediate-early CI-Elj protein, which is 
expressed on the cell membrane within 6-24 hours of 
infection, appears to be important in expansion of 
35 HCMV-specif ic cytotoxic T cells. 
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Therefore, autologous fibroblasts or 
allogeneic fibroblasts sharing one or more class I 
leukocyte antigens recognized by the T cell donor 
were infected with Towne strain HCMV at a multipli- 
5 city of infection of 5-10 for 3 hours. In some 

cases, the cells were infected in the presence of 
cyclohexamide (50 yg/ml). After removal of cyclo- 
hexamide, Actinomycin D (5 yg/ml) was added to pre- 
vent further DNA transcription, thereby allowing 

10 for selective expression of I-E genes of HCMV . 

Infected fibroblasts not treated with cyclohexamide 
and Actinomycin D expressed both I-E and late gene 
products of HCMV. These preparations were 
designated "cell-associated viral antigen". 

15 Herpes simplex virus type I (HSV-I) was 

partially purified as described by R. C. Gehrz et 
al., Lancet , 2, 844 (1977J and heat-inactivated at 
56°C for 1 hr. to yield M HSV Antigen". 

20 EXAMPLE II 

1 - Generation of HCMV-Soeci f ic T Helper Cell and T 
Cytotoxic Cell Lines 

HCMV-speci f ic T cell blasts were prepared in 25 cm 2 
upright tissue culture flasks by stimulating 10 x 

25 10 s mononuclear cells ( MNC ) at a concentration of 1 

x 10 s MNC/ml with 10 ug of heat-inactivated whole 
HCMV antigen [56°C, 1 hr) suspended in RPMI 1640 
medium supplemented with 15% heat-inactivated HCMV- 
seronegative human serum (PHS). After 7-10 days at 

30 37°C in 5% CO2 atmosphere, the HCMV-specif ic blasts 

were either further expanded in bulk culture, or 
cloned by limiting dilution in 96 well U-bottomed 
tissue culture plates at 0.3 cell/well in the pre- 
sence of x-irradiated (5,000 R) autologous MNC 
I R R 

35 CMNC ) as feeder cells, whole HCMV antigen at a 
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concent.ration of 1 ug/ml C-for T h cells) or cell- 
associated antigen at a fibroblast :MNC ratio of 
1:20 (for T c cells), and 10-20% inter leukin-2 
ClL-2) CTCGF, Biotest, Frankfurt, Germany). There- 
after, cells were refed every 3-4 days with fresh 
IL-2-containing media. Whole HCMV antigen and 
autologous x-ir-radiat ed feeder cells were added to 
the media every 7-14 days. 

Growing cells were fed and transferred to 
96 well flat-bottomed tissue culture plates. Grow- 
ing clones were then transferred to 24 well plates 
for further expansion and then reseeded into 25 cm 2 
tissue culture flasks for large scale production. 
Expanded clones were subcloned by a second limiting 
dilution to ensure clonality. Clones were 
developed from 4 different HCMV-ser opos i t ive donors 
yielding more than 100 individual T cell lines. 

Characterization of the H CMV-T h and T c Cell Lines 
and Clones 

All of the T h and T c lines and clones employed in 
the Examples hereinbelow were characterized as to 
phenotype, proliferative responses, IL-2 production 
and cytotoxic act iv ity as follows: 

A. Phenotvoe Analysis . 

T cell lines were analyzed for expression of 
CD phenotypic determinants using the mono- 
clonal antibodies 0KT3 (total T cells), 0KT4 
( he lper/inducer T cells), and 0KT8 (cytotoxic/ 
suppressor T cells) (Ortho Pharmaceuticals 
Inc., Raritan, NJ) using an indirect immuno- 
fluorescence assay . Fluorescence was detected 
either by fluorescence microscopy using a 
Zeiss flourescent microscope or flow cytometry 
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using the EPICS sp cell 541 (Coulter Corp., 
Hialeah, FL). Polyclonal lines were pre- 
dominantly CD3+4+8-; all T h clones expressed 
the CD3+4+8- phenotype. T c lines were pre- 
dominantly CD3+4-8+; T c clones were CD3+4-8+. 

Lymphocyte Proliferation . 

T cell lines and clones were rested in tissue 
culture media in the absence of TCGF over- 
night, and then restimulated for 72 hrs with 
either whole HCMV antigen or HSV antigen to 
determine the specificity of proliferative 
response of T h clones. All T h lines and 
clones demonstrated positive proliferative 
responses to HCMV, whereas responses to HSV 
were similar to tissue culture media back- 
ground control. Thus, all T h lines and 
clones were HCMV-specif ic. T c cell clones 
proliferated poorly to HCMV antigen in the 
absence of IL-2. 

' Interleukin-2 ( I L - 2 ) Production . 
Th clones were stimulated with whole HCMV 
antigen, and the supernatants harvested at 24 
hrs and assayed for IL-2 activity using the 
murine CTLL-20 (IL-2 dependent) cell line. 
All Tj~, clones were shown to produce IL-2, as 
demonstrated by the survival and growth of 
CTLL-20. T c clones were not tested for IL-2 
production. 

Cytotoxic Activity . 

All Th clones were tested for cytotoxic 
activity against the NK target cell line, 
K562; autologous uninfected and CMV- and HSV- 
infected fibroblasts as target cells. No nk 
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or virus-specific cytotoxic activity was 
observed with any of the T h clones* 

All T c clones were tested for cytotoxic 
5 activity against the NK target, cell lines, 

K562; autologous and unmatched or partially 
matched allogeneic uninfected and HCMV-, HSV- , 
and influenza-infected fibroblasts as target 
cells* No anti-NK activity was observed with 

10 any. of the T c clones. All HCMV-speci f ic T c 

clones exhibited cytotoxic activity against 
autologous and MHC LA-ma tched .HCMV-in f ect ed 
fibroblasts, but not against allogeneic 
unmatched HCMV-in fecced fibroblasts. No cyto- 

15 toxic activity was observed to any target 

cells infected with H5V or influenza virus. 
Thus, the T c clones described herein exhibit 
HCMV-specif ic cytotoxic activity restricted by 
MHC class I antigens, anc therefore exhibit 

20 the characteristics of virus-specific cyto- 

toxic T cells. 

EXAMPLE III 
Proliferative Response of HCMV-Soscif ic 
25 T h Clones to HCMV. Antige ns 

Seventeen HCMV-T h clones obtained from donor 
WRC were characterized extensively as to phenotype, 
proliferative responses, IL-2 production and cytotoxic 
activity. All clones were CD3+4+8-; proliferative to 
30 HCMV but not HSV (as described in Example II C2) 

above), all produced IL-2 when stimulated with HCMV but 
not HSV, and none exhibited cytotoxic activity. Thus, 
all clones were considered to be.T helper cells. All 
clones also exhibited class II MHC restriction specifi- 
35 city, as determined by blocking with anti-class II 
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monoclonal antibodies and reactivity to whole HCMV 
antigen presented by autologous or allogeneic antigen 
presenting cells sharing the appropriate Dw restriction 
determinant expressed in association with DR , DQ or DP. 
5 For studies of T cell reactivity to purified 

HCMV antigens, x- irradiated autologous mononuclear 
cells were added as a source of antigen-presenting 
cells in a 3-day res t imulation culture. One yCi per 
well of tritiated thymidine was added for the final 16 
10 hours of culture. Cultures were harvested on glass 
fiber filters and counted in a liquid scintillation 
spectrophotometer. The results of these assays are 
summarized on Table 3, below. 



20 
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35 
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The data summarized on Table 3 demonstrate 
that all 17 clones were reactive to whole Towne HCMV 
antigen, displaying from 4108 counts/minute to 121,030 
counts/minute. These results suggest that the immuno- 
5 dominant determinant ( s ) recognized by these HCMV-T h . 
clones are expressed by structural proteins and/or gly- 
coproteins from the virion. 

All clones also reacted significantly to 
Triton X-100 extracts of Towne HCMV, although to a 
10 lesser extent than that to whole Towne viral particles. 
Thus, it appears that the majority of T h clones either 
recognize primarily proteins or glycoproteins included 
within the envelope of the virus, or proteins that 
associate sufficiently with the viral envelope to be 
15 recovered in the detergent extract. The lower 

responses compared to whole Towne antigen may reflect 
inhibitory effects of residual detergent, or a loss of 
immunogenic! ty due to structural alterations resulting 
from the extraction proceaure. 
20 Of interest, all T h clones also showed a low 

but significant proliferative response to precipitates 
of viral antigen following detergent extraction. While 
it is likely that some residual envelope glycoproteins 
and tegument proteins are included within the precipi- 
25 tate, it is also possible that nucleocapsid proteins, 
which presumably comprise the dominant protein in the 
precipitate, may also express antigenic determinants 
recognized by T helper cells. 

The T cell clones were then stimulated with 
30 purified glycoprotein complexes obtained by anion 
exchange HPLC fractionation of unreduced detergent 
extract of whole HCMV antigen (see Example I (1)). 

As set forth in B. Kari et al., J. Virology . 
60 , 345 (1986), and in Table 1, hereinabove, glycopro- 
35 tein complexes contained within peaks 2UR and 4UR 
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include a glycoprotein complex recognized by a monoclo- 
nal antibody C9E10). This antibody is cross-reactive 
with several other viruses, and is capable of neutral- 
izing HCMV in the absence of complement. In contrast, 
5 a separate and distinct group of glycoprotein complexes 
are isolated to a high degree of purity in peak 3UR, 
and are recognized by a separate class of monoclonal 
antibodies which uniquely react with HCMV, and neutra- 
lize HCMV efficiently only in the presence of comple- 
10 ment. 

Following reduction, the principal glycopro- 
teins derived from the 3UR complex have molecular 
weights of 130,000; 90,000; and 50,000-52,000 kO; the 
two glycoproteins derived from the 2UR/4UR complex 

15 recognized- by the 9E10 monoclonal antioody have molecu- 
lar weights of 93,000 and 50,000-52,000 kO. A third 
glycoprotein has been demonstrated in peak 2UR which is 
distinct from those glycoproteins recognized by the 
9E10 monoclonal antibody. Therefore, ehsre are at 

20 least three major glycoprotein complexes contained 

within the envelope of HCMV that have been iaentified 
as incorporating in excess of 95% of tne total glyco- 
proteins within the HCMV viral envelope. Since these 
HPLC methods appear to yield glycoprotein complexes of 

25 . >95% purity, it was of interest to demonstrate the 

pattern of T n reactivity to these individual glycopro- 
tein complexes. 

As shown in Table 3, of the seventeen T h 
clones tested for reactivity with HPLC-puri f ied glyco- 

30 protein complexes, two responded to peaks 3UR and 4UR 

but not to peak 2UR . A third T h clone responded to all 
three HPLC peaks. It is likely that these clones are 
primarily responding to the major glycoprotein complex 
which is also recognized by monoclonal antibodies which 

35 detect the glycoprotein complex principally isolated in 
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peak 3UR . It is likely that tailing of peak 3UR into 
peak AUR accounts for the apparent cross-reactivity. 
This specificity was confirmed for T h clone WRC-T3#3, 
WRC-T2+41, and WRC-L10, which proliferated specifically 
5 to glycopeptide gpA produced by m-RNA translation of 
the gpA gene ir\ vitro (data not shown). 

Of particular interest, the majority of clones 
C 1 A/17 ) do not appear to recognize determinants 
expressed on any of the major envelope glycoprotein 

10 complexes, as. represented by materials 2UR, 3UR and 
4UR. Thus, the immunodominant HCMV antigenic deter- 
minant recognized by these cloned T helper cells may 
reside either in a nonglycos y la ted membrane protein or 
in an internal protein. If so, this may be similar to 

15 influenza virus, in which antibody recognition involves 
primarily the surface glycoproteins (i.e., 
hemagglutinin), whereas cytotoxic T lympnocytes are 
known to recognize primarily internal nucleocapsid pro- 
teins. 

20 Table 4 summarizes data regarding the specifi- 

city of HCMV-specif ic T h clones reactive with indivi- 
dual HCMV (glyco )proteins . Clones were generated by 
initial stimulation of MNCs from seropositive aonor WRC 
with whole HCMV antigen to select for T h reactive with 

25. structural proteins and glycoproteins of HCMV. 
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Eighteen percent of clones tested were 
specific for gpA as described in detail in Example 1.1. 
Representative examples include WRCT3#3 and WRCT2#41. 
Thirty-three percent of the HCMV-speci fic clones 

*5 were found to be reactive with whole virus as well as a 
partially-purified matrix protein of molecular weight 
64,000 daltons. This protein was obtained by reverse 
phase HPLC and gel filtration, according to a modifica- 
tion of the method of B . R . Clark, 3 . Virol . , 49 , 279 

10 (1984). Whole Towne HCMV obtained by centri f ugat ion of 
the supernatant of the HCMV- infected fibroblasts was 
solubilized in 6 M guanidinium chloride and run on 
reverse phase HPLC with a C-18 column. Proteins 
adsorbed to the column were eluted with acetonitrile 

15 and detected by monitoring the column effluent at 214 
nanometers.. Peaks collected were pooled and the 64 kD 
protein was identified by SD5-PAGE. 

The 64 kD protein was further purified from 
co-eluted proteins by size-exclusion chromatography 

20 using TSK 4000 and T5K 3000 SEC columns linked in 
series. An aggregate form of the 64 kD protein was 
isolated as determined by SDS-PAGE using this method. 

Clones WRC-T2/88 and WRC-T2/131 are represen- 
tative of HCMV-speci fic T h clones which proliferated in 

25 response to the 64 kD. matrix protein. Of interest, 
* many of the clones (i.e., WRC-L33 and WRC-L42) were 
non-reactive with either the major envelope glycopro- 
tein, gpA, or the abundant 64 kD internal matrix pro- 
tein. Thus, it is apparent that HCMV-specif ic T helper 

30 cells exist to a variety of structural HCMV proteins. 

EXAMPLE IV 
Cytotoxic Rrspor;ses of HCMV-Scec i f ic 
T c Lines and Clones :o HCMV • Antigens 
35 Polyclonal and monoclonal T c cells were 

assayed for cytotoxicity against the NK target cell, 
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K562; and autologous or allogeneic fibroblasts infected 
with HCMV, HSV or influenza virus. The following 
specific methodologies were used: 

5 A/ - Preparation of Target Cells 

1 • HCMV-Inf ected Human Skin Fibroblasts C5F) 
Human diploid skin fibroblasts (SF] were 
obtained from skin biopsies of adult donors 
and newborn foreskins. Cells were passaged at 

10 least 6 times, and frozen at l°C/minute in 

Dulbecco's Modified Eagle Medium C DM EM ) con- 
taining 10% fetal calf serum (FCS) and 10% 
dime thylsulf oxide (DMSO) and stored in iiauid 
nitrogen. Before use, cells were tnawed in a 

15 37°C water bath, washed with media, and seeded 

onto 25 cm 2 tissue culture fiasKs. SF .*ere 
grown to confluence, infected with HCMV ac a 
multiplicity of infection of G.2, ana incu- 
bated until 70-90% of the monolayer 

20 demonstrated cytopathic effect. Ceils were 

then labelled with Na 2 CrG4 (375 uCi in 2 mi 
medium) overnight at 37°C in an atmosphere of 
5% CO2. The cells were washed three times, 
and resuspended in RPMI in 10% FCS.. 

25 Uninfected 51 Cr-labelled SFs were used as 

controls * 



2* HSV- and Influenza-infected Skin Fibroblasts 

An SF monolayer in a 25 cm 2 flask was infected 
with HSV or influenza at a multiplicity of 
infection of 5-10 and incubated overnight. 
The cells were labelled the same way as 
HCMV-infected SF.' 
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3. K562 

The ery t hroleukemia cell line K562 was used as 
a source of target cells to measure NK activ- 
ity. K562 cells (1 x 10 6 ) were suspended in 
1 ml medium and 375 yCi of Na 2 Cr04 in a 25 cm 2 
flask overnight at 37°C in an atmosphere of 5% 

c ^2). cells were resuspended in RPMI 

supplemented with 10% FCS after three 
washings . 

4 . SF Which Selectively Express I-E HCMV Proteins 
SFs were infected with HCMV at a multiplicity 
of infection of 5-10 for three hours in the 
presence of 'cyclohexamide (15 yg/ml). After 
removal of cyclohexamide, Act inomycin-D (5 
ug/ml] and Na 2 Cr04 (375 yCi) were added to the 
culture- The cells were then washed three 
times and resuspended in RPMI in 10% FCS as 
target cells. The cytotoxicity as.say was per- 
formed under Act inomycin-D to prevent ON A 
transcription-. Uninfected SFs treated with 
cyclohexamide and Actinomycin D in parallel 
were used as control. 

B. Cytotoxicity Assay 

Three thousand target cells in 100 ul were 
added to each well of V-bottomed microtiter plates. 
Serial dilutions of effector cells in 100 \xl were then 
added to the target cells to yield effector-to-target 
ratios of 50:1, 25:1, and 12:1. The plates, were 
centrifuged at 50 g for 5 minutes at 37°C in an 
atmosphere of 5% C0 2 for 10 hours. One hundred ul of 
supernatants were harvested and counted in a gamma 
counter (Beckman Gamma 9000). Controls consisted of 
maximum lysis and spontaneous release obtained by 
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adding 100 ul of Triton-X-100 in medium respectively to 
target cells. Calculations are done according to the 
following formula: 

5 3S 51 Cr release= Experimental CPM-spontaneous release CPM 

Maximum CPM-spontaneous release CPM 
Experimental counts per minute represented cells from 
wells with effector .cells . 

Specific release (SRJ = (% sl Cr release HCMV- 
10 infected targets) - (3S sl Cr release uninfected targets]. 

Results were expressed as the mean from 
triplicate or quadruplicate wells. Spontaneous release 
from both infected and uninfected 5F target cells was 
less than 40%. 

15 

1- Cytotoxic, Activity . of HCMV-Soeci f ic Polyclonal T c 
Cell Lines Stimulated with Towne HCMV- In f ected 
Autologous Skin Fibroblasts CSF) 

Mononuclear cells from seropositive donor 
20 SP-CN were stimulated for 7-10 days in bulk culture 
with autologous, skin fibroblasts CSF) infected for 20 
hours with Towne HCMV. T cell blasts were restimulated 
weekly with HCMV- in f ected fibroblasts, autologous irra- 
diated MNC as feeder cells and IL-2. Resulting 
25 polyclonal CD8+ T cell lines were evaluated for cyto- 
. toxic activity against uninfected and HCMV-inf ected 
autologous fibroblasts and the NK target cell line 
K562. The results of this study are presented on 
Table 5 , below , 
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As can be seen from the data presented on 
Table 5, both cell lines exhibited cytolytic activity 
against autologous HCMV 20 hour-infected fibroblasts 
expressing immediate-early and late viral proteins; and 
5 against CMV-infected autologous fibroblasts that had 
been treated with cyclohexamide (CH) and Actinomycin D 
(act. D) to selectively express the immediate-early 
proteins of HCMV. Both lines also expressed signifi- 
cant levels of NK-like cytotoxic activity. 

10 

2 - Cytotoxic Activity of HCMV-Speci f ic T c Cell Lines 
and Clones Stimulated with Sucrose Gradient- 
Purified Towne HCMV viral Particles 

CD8+ T c cell lines and clones were obtained 
15 from seropositive donor SP-RK by initial stimulation of 
MNC with sucrose gradient-purified Towns HCMV viral 
particles, followed by repeated stimulation with HCMV 
viral particles, autologous irradiated MNC as feeder 
cells, and IL-2. Three CD8+ lines and the C03+ 5P-RK 
20 clone #3 lysed HCMV- in fee tea autologous fibroblasts but 
not allogeneic unmatcheo HCmv- in f ectec fiorcolascs or 
autologous fibroblasts infected with either HSV or 
influenza virus as shown in Table 6, Delow. 
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These lines expressed little cytotoxic activ- 
ity against the K562 NK target cell. Thus, these T 
cell lines and clone are characteristic of HCMV- 
specific, MNC class I LA-rest r icted T cytotoxic cells 
which recognize an . antigen (s) expressed by whole viral 
antigen <(i.e., structural proteins). 

EXAMPLE V 

Augmen tation of Antigen-Induced Proliferation of 
HCMV-Specif ic T h Clones Using Poly clonal 
Anti-Serum from Seropositive Donors and 
HCMV-Specif ic Monoclonal Antibodies 

1 . Monoclonal Antibody . 
15 HCMV-T h clone WRC-T3*3 was used at a concentration 

of 1.5 x 10* cells per well as a source of 
responder cells. Autologous x-ir radiated MNC (I0 5 ) 
were added as a source of antigen-presenting cells. 
An optimal dilution of whole HCMV antigen or O.i 
ug/ml of HPLC-purif ied 3UR.was addec as a source of 
HCMV-specif ic antigenic stimulation. Serial dilu- 
tions of monoclonal antibodies 41C2, which recog- 
nizes the immunodominant glycoprotein A CgpA) or a 
control monoclonal antibody 35F10, which recognizes 
25 a ^"glycosylated protein designated protein D were 

added at concentrations ranging from 10 down to 
0.01 ug/ml protein per well. The results of this 
experiment are summarized in Table 7, below. 
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TABLE 7 

MoAb Directed Against HCMV Glycoprotein A (qpA) 
Augments the Proliferative Response of qpA-Specific 

T n Clone WRC-T3#3 

Proliferative Response of WRC-T3»3 
MoAb MoAb 41C2 (anti-qpA) MoAb 35F10 (anti-oD) 





Concentration 
(uq Drotein/well ) 


3UR 


Whole HCMV 
Agb 


3UR 


Whole HCMV 
Aq° 


10 


10 


19, 667a 


5 , 674 


17,577 


2,349 




3 


32, 526 


8, 774 


18, 195 


3, 508 




1 


34,713 


12, 528 


18, 160 


' 4,691 




0.3 


41 , 996 


14,271 


16,324 


6 ,371 




0. 1 


36, 300 


8, 143 


16, 618 


4, 835 


15 


0. 03 


31 , 486 


9,252 


19, 435 


4, 349 




0.01 


14, 406 


8, 442 


17, 327 


3, 676 



a Counts per minute, 

b Whole HCMV viral antigen (strain AD169) used at a 
20 1:1000 dilution. 



The data summarized in Table 7 demonstrate 
that monoclonal antibody 41C2 significantly augmented 

25 the proliferative response of the T h clone when 3UR or 
whole HCMV antigen was used for antigenic stimulation. 
In contrast, no significant augmentation was observed 
with the monoclonal antibody directed against protein D 
using either 3UR or whole HCMV antigen. 

30 Thus, it appears that monoclonal antibodies 

directed against an immunogenic glycoprotein complex 
which specifically stimulates a particular T^ clone, is 
effective to enhance the proliferative response. 

Six HCMV-Tft clones shown to be responsive to 

35 whole HCMV antigen were then stimulated with whole HCMV 
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antigen plus serial dilutions of either monoclonal 
antibody 41C2 (to gpA) or monoclonal antibody 35F10 Cto 
protein D). Seropositive and seronegative whole sera 
were also tested under the same conditions. The 
results of these experiments are summarized in 
Table 8, below. 

TABLE 8 

MoAb Reactive with HCMV Glycoprotein A CopA) 



HCMV.-Specif ic T n 


Clones 


to Whole 


HCMV Antigen 




Proliferative Response of 


HCMV-T n 


Clones 0 


Culture 


WRC- 


WRC- 


WRC- 


WRC- 


WRC- 


Conditions 3 


T3*8 


T2*41 


T2*69 


L10 


T3*3 


Clone alone 


167 


453 


274 


121 


237 


+ MNC rRR 


259 


273 


200 


2, 995 


185 


+ MNC IRR 












and HCMV Ag 


19,778 


3, 076 


5,751 


3,936 


20, 734 



20 



MoAb 41C2 Canti-qoA) 



10 


ug/mi 


25,913 


6, 948 


Q 
" ) 


56 5 


16, 


128 


25, 


292 


3 


ug/ml 


26,275 


8, 627 


11, 


321 


17, 


224 


19, 


370 


1 


ug/ml 


22,073 


7,815 


9, 


577 


17, 


183 


20, 


599 


0. 


3 ug/ml 


21,558 


6, 867 


8, 


010 


1A, 


807 


20, 


489 


0. 


1 ug/ml 


16,677 


4 , 100 


5, 


210 


11, 


456 


21, 


482 


0. 


03 ug/ml 


-17,026 


4,202 


6, 


283 


8, 


063 


16, 


002 


0. 


01 ug/ml 


16,315 


3 ,'294 


5, 


403 


7, 


670 


18, 


069 
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MoAb 35F10 (anti-pp) 



10 


yg/mi 


18, 


587 


6, 


737 


4, 683 


7, 584 


18, 840 


3 


yg/ml 


19, 


100 


5, 


061 


6,616 


9,488 


18,967 


1 


ug/mi 


20, 


471 


5, 


903 


6, 382 


7, 376 


17, 799 


0. 


3 yg/ml 


18, 


916 


8, 


001 


4, 826 


8, 342 


18, 605 


0. 


1 yg/ml ' 


18, 


842 


3, 


542 


5, 404 


7,570 . 


18, 518 


0. 


03 yg/ml 


17, 


439 


3, 


550 


6, 321 


9,226 


18 , 993 


0. 


01 ug/ml 


18, 


248 


2, 


964 


5,971 


7,262 


22,511 



10 

Seropositive 
Whole Serum 
(Donor CR ) 

3.3 lambda/ml 51,068 11,412 17,616 16,345 24,918 

15 

Seronegative 
WholeSerujn 
(Donor SF) 

3.3 lambda/ml 27,506 6,784 8,103 15,464 20,445 

20 



a 1.5X10" T h /well + 10 s autologous MNC iKK /well + wnole 

HCMV antigen, 
b Counts per minute. 

25 



Surprisingly, monoclonal antibody 41C2, 
directed against gpA, augmented the proliferative 
response of all six T h clones to whole HCMV antigen, 

30 despite the fact that only 3 of the 6 clones respond to 
HPLC-pur if ied gpA in the absence of antibody (see 
Table .7). The monoclonal antibody directed against 
protein D did not augment the response of any of the 
clones tested. Whole serum from the seropositive donor 

35 augmented the response of all clones, whereas that from 
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the seronegative donor did not. These data suggest 
that the mechanism of augmentation does not necessarily 
involve a direct interaction between the antibody. and 
the specific viral protein or glycoprotein recognized 
by the T h clone. 

EXAMPLE VI 

Presentation of HCMV Antigen to T Helper 
Cell Clones bv MNC, LCL or Mixtures Thereof 
Epstein-Barr Virus C ESV )-t ransf ormed Lvmohoblastoid 
Cell Lines (LCL) . 

An autologous LCL from serooositive donor SP-CN 
(SP-CN LCL) was established by the method of Sugden 
and Mark, 3 . Virology , 23 , 503 (1977) and grown in 
15 RPMI 1640 medium (GISCO, Grand Island, NY) supple- 

mented with 10% heat-inactivacsd fetal calf serum 
(FCS). AMG LCL (DR 2,2/Dw 2,2) and NHS LCL (OR 
3,8) were gifts from Dr. F. Sach (IRC, University 
of Minnesota, Minneapolis, mn ) . 

20 

2. Generation of HCMV-Speci f ic T Cell Clones . 

HCMV- spec i fic T cell clones were generated from a 
seropositive donor (SP-CN). Briefly, mononuclear 
cells (MNC) were cultured at I0 6 cells/ml in RPMI 

25. 1640 medium supplemented with. 15% heat-inactivated 

HCMV-seronegative human serum (PHS) and 1 yg/rnl 
whole HCMV antigen. After 7-10 days, T cell blasts 
were isolated and cloned by limiting dilution at 
0.3 cells/well in round-bottom wells containing 0.2 

30 ml.RPMI-15% PHS medium with 10,000 autologous x- 

irradiated (5,000 R) MNC,- 1 ug/ml whole HCMV anti- 
gen (T-owne strain) and 15% IL-2 (TCGF, Biotest, 
Frankfurt, West Germany"). Plating efficiencies of 
2% to 12% were observed. . The clones were expanded 

35 in culture medium containing 10-20% IL-2, and 
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restimulated with autologous x-irradiated MNC/LCL 
mixture and 1 yg/ml whole HCMV antigen every 1-2 
weeks* 

5 3 • Proliferation Assay » 

HCMV-specif ic cloned T h cells were assayed 7-14 
days after rest imulat ion . The microcul tures were 
set up in round-bottom plates (Flow Lab., Inc., VA) 
with a total volume of 0.2 ml/well containing 10* 

10 HCMV-specif ic T h cells, various concentrations of 

x-irradiated autologous MNC and/or LCL and whole 
HCMV antigen (Towne strain) or HSV antigen. The 
cultures were incubated for 3 days, and 1 yCi/well 
3 H-thymidine (New England Nuclear, Boston, MA) was 

15 added to each well for the final 16-24 hours of 

culture. Wells were harvested with an automatic 
cell harvester, cells collected on glass fiber 
filter paper, and radioactivity measured in a 
Beckman 5801 liquid scintillation spectrometer.- 

20 

4. LCL Presents HCMV Antigen to HCMV-Speci f ic T h 
Clones ■ 

A panel of HCMV- spec i fic T h clones generated from a 
seropositive donor (SP-CN) were tested for . 

25. HCMV-specif ic proliferative activity using either 

x-irradiated autologous MNC (10 5 /well) or x- 
irradiated autologous LCL (10* - 3 x lOVwell) as 
APC. HSV antigen was included as an antigen spec- 
ificity control. Table 9 shows the results 

30 obtained using seven clones. 



35 
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All of the Tft clones listed on Table 9 proliferated 
well in response to HCMV antigen but not HSV anti- 
gen when MNC were added to the cultures as APC. 
The magnitude of proliferation ranged from 8114 to 
68,307 cpm. Most of these clones also exhibited 
HCMV antigen-specific proliferative responses when 
LCL were used as APC with a range of 1,020 to 
21,370. Clones SP-CN/T2-131 and SP-CN/T5-43 pro- 
liferated well to HCMV in the presence of irradi- 
ated autologous MNC, but poorly in the presence of 
irradiated autologous LCL. 

On the other hand, clones SP-CN/T3-16 and 
SP-CN/T3-9 proliferated well to HCMV in the pre- 
sence of irradiated autologous LCL, although their 
proliferation to HCMV in the presence of irradiated 
MNC was no better than the other five clones. 
Thus, there is no apparent correlation between pro- 
liferative response to HCMV using MNC as APC and 
that using LCL as APC, 

It is well known that antigen-specific T helper 
C T h 3 cells recognize antigen associated with class 
II MHC products on the surface of APC (P. Erb et 
al., J. Exoer. Med . , 142 , 460 (19753). We studied 
the MHC restriction of some of these T^ clones 
using LCL as APC, and found all of the clones 
tested are class II restricted. LCL from other MHC 
class II-matched donors also presented HCMV antigen 
well to the two high-responding clones (SP-CN/T3-16 
and SP-CN/T3-9), But poorly to the five low- 
responding clones. For example, SP-CN LCL 
(autologous, DR2 , 4/DW2, 4 ) as well as AMG LCL 
(DR2,2/DW2,2) presented HCMV antigen to clone 
SP-CN/T3-9, whereas NHB LCL (DR3,8) did not present 
HCMV to the same clone* 
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5 - Augmenting Effect of LCL on Proliferative Responses 
of T h Cells to MNC and HCMV . 

Facing limited supplies of autologous MNC as APC to 
stimulate HCMV-specif ic T h cells and inefficient 
antigen presentation by autologous LCL when used 
alone, combinations of MNC and LCL were employed as' 
APC and feeder cells during reactivation of the 
clones. Surprisingly, the combination of LCL and 
MNC showed a synergestic effect on proliferative 
response as illustrated in Table 10, below. 
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TABLE 10 



PROLIFERATIVE RESPONSES OF T HELPER CELL CLONE 
SP-CN/T5-43 USING AUTOLOGOUS WRC MNC AND/OR 

LCL AS APC 



ANTIGEN PRESENTING CELLS 



MNC 



IRR 



(CELLS/WELL) 
LCL 



IRR 



3 H-THYMIDINE INCORPORATED 
(ACPM)a 



10 



10" 
3x10" 
10 5 



73 ± 
101 + 
106 + 
179 + 



34 
186 

A3 
117 



15 10" 6,048 + 33 

10* 10* 13,280 + 4,019 

10" 3x10" 8,923 ± 952 

10" 10 s 5,089 + 1,293 

20 3x10" --- 21,541 ± 895 

'3x10" 10" 43,336 ± 10,489 

3x10" 3x10" 33,730 ± 4,593 

3x10" 10 s 16,732 ± 1,304 

25 10 s 58,890 + 4,121 

10 s 10" 77,493 ± 8,728 

10 s 3x10" 71,544 + 1,938 

10 5 10 s 47,641 + 2,313 



a The proliferation assays were set up by using 10" T 

cells/well, 10"-10 s MNC IRR and/or LCL IRR /well and 

2yg/well whole Towne HCMV antigen. 3 H-thymidine 

incorporation of clone SP-CN/T5-43 plus SP-CN 
IRR 

35 LCL ( 10"-10 s /well ) was in the range of 59-92. 
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3 H-thymidine incorporation of clone SP-CN/T5- A3 plus 

TOO 

SP-CN LCL" 1 ™ at LCL concentrations of lOVwell, 
3xl0Vwell and 10 5 /well were 629; 1,279? and 2,466} 
respectively. 



LCL alone as APC at a range of 10* LCL/well to 
10 s LCL/well did not stimulate any significant T cell 
proliferative response to whole HCMV antigen above 

10 background. However, the addition of LCL at 10 1 * 

LCL/well and 3 x io* LCL/well did augment the 3-day 
proliferative response of T h cells to MNC plus whole 
HCMV substantially, although 10 5 LCL/well seemed to 
suppress the proliferative responses, probably due to 

15 excessive cell density in the culture. 

The same 'cultures were expanded in the pre- 
sence of 15% IL-2 for 12 days and cell counts were per- 
formed on day 7 and day 12 after zhe beginning of the 
culture. The results of these experiments are sum- 

20 marized in Table 11, below. 
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As shown In Table II, when no MNC were pre- 
sent, T h cells were not expanded even when both LCL and 
whole HCMV antigen were added to the culture. A com- 
bination MNC and whole HCMV antigen led to a 3- to 
5 43-fold increase in T cell numbers during 12 days of 
culture depending on the amount of MNC that were 
involved. When LCL were added along with MNC and HCMV 
antigen, a 29- to 620-fold increase in T cell numbers 
was observed over the same period of time under the 
10 same tissue culture conditions, clearly indicating that 
LCL were augmenting the expansion of activated T- n 
cells. 

Aliquots of these cultures were plated in 
96-well flat-bottom microtiter plates on day 7 at 0.2 
15 ml/well in triplicate. After overnight pulsing with 
[ 3 h] -thymidine , a similar augmenting effect of LCL on 
cell proliferation as measurea by incorporated 
C 3 h] -thymidine was observed as summarized on Table 12, 
below. 
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These results confirmed the feasibility of 
using both MNC and LCL as feeder cells along with anti- 
gen in activation and expansion of T h clones. The 
extent of T h cell expansion is proportional to the con- 
5 centration of MNC IRR in the range of 10* to 10 s 

MNC/well, but not proportional to the concentration of 
IRR 

LCL . The optimal ratios of LCL to cloned T^ cells 
are in the range of about 1:1 to 3:1. 

Samples of antigen-presenting LCL cell lines 

10 SP-CN/T3-43 [Access Code: IVI-10122); and SP-CN/T5-43 

(Access Code: IVI-10123) have also been deposited with 
In Vitro International, Linthicum, MO, in accord with 
the Draft PTO Deposit Policy for Biological Materials, 
BNA PTCJ , 32, 90 (1986). 

15 Cultures of . these deposited cell lines will be 

made available to the public upon the grant of a patent 
based upon the present application. It is to be 
understood that the availability of a oepasit doss not 
constitute a license to practice the suoject invention 

20 in derogation of patent rights granted by tne United 
States Government. 

While certain representations embodiea are 
described herein for the purposes of illustration, it 
will be apparent to those skilled in the art that modi- 

25 fications therein may be made without departing from 
the spirit and scope of the invention. 

We wish to thank Children's Hospital, St. 
Paul, Minnesota, for generous support and encouragement 
in this work. 
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WHAT IS CLAIMED IS : 

1. A method for production of a homogeneous popu- 
lation of T helper cells which are specific 
for a viral antigen comprising the steps of: 



(a) isolating a population of mononuclear 
cells (MNC) from the blood of a donor 
mammal, wherein the MNC population 
comprises T helper cells specific for 
said viral antigen, and autologous, non- 
proliferative, antigen-presenting cells 



(b) combining said isolated population of 
said MNCs with an amount of said viral 
antigen effective to cause the prolifera- 
tion of a T helper cell which is specific 
for said antigen; 

(c) allowing said T helper-cell to prolifer- 
ate for a period of time effective to 
allow non-proliferating MNCs to lose 
viability; and 

(d) clonally-expanding said antigen-specific 
T helper cell in the presence of an 
amount of non-prolif erative antigen- 
presenting cells comprising a mixture of 
CD autologous MNCs, allogeneic MNCs or 
mixtures thereof; and Cii) autologous 
lymphoblastoid cells CLCLs), allogeneic 
LCLs or mixtures thereof} and an amount 
of said viral antigen effective to proli- 
ferate said cloned antigen-specific T 



(APC); 
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helper cell, to yield said homogeneous 
population, and wherein said LCLs are 
present in. an amount effective to cooper- 
ate with the MNCs to increase the pro- 
liferation rate of the T helper cell. 

2. The method of claim 1 wherein additional 
amounts of said viral antigen and said auto- 
logous, non-prbliferative APCs effective to 
cause the proliferation of a T helper cell are 
added during the course of step (c)-to cause 
further proliferation of said T helper "cell. 

3. The method of claim 1 wherein, in step (d) the 
non-proliferative APCs comprise a mixture of 
CD autologous MNCs ; and (ii) autologous LCLs, 
effective to proliferate said antigen-specific 
T helper cell, wherein said LCLs are present 
in an amount effective to cooperate with the 
MNCs to increase the proliferation rate of the 
T helper cell. 

4. The method of claim 1 wherein the LCLs are 
derived from a virus-transformed lymphoblas- 
toid cell line. 

5. The method of claim 4 wherein the virus- 
transformed lymphoblastoid cell line is 
Epstein-Barr Virus (EBV )- transformed lympho- 
blastoid cell line. 

6. The method of claim 1 wherein said viral 
antigen is a human cytomegalovirus (HCMV) 
antigen. 
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7. The method of claim 6 wherein said HCMV 
antigen is a viral • structural protein. 

8. The method of claim 7 wherein the HCMV anti- 
gen is present in a viral envelope fraction. 

9. The method of claim 7 wherein the HCMV anti- 
gen comprises a glycopeptide complex present 
on the viral surface, or a viral glycopeptide 
derived therefrom. 

10. The method of claim 9 wherein the HCMV antigen 
is an immunogenic glycopeptide of about 93 KD 
or an immunogenic glycopeptide of about 50-52 
KD, which glycopept ides are present on the 
viral surface. 

11. The method of claim 6 wherein the HCMV antigen 
is an about 64 kD matrix protein. 

12. The method of claim 1 wherein step (b), ( c ] 
or (d) is carried out in the presence of an 
amount of a monoclonal antibody which is 
effective to increase the rate of prolifera- 
tion of said T helper cell, wnerein the mono- 
clonal antibody is specific for said viral 
antigen . 

13. The method of claim 12 wherein the monoclonal 
antibody is specific for a human cytomegalo- 
virus (HCMV) antigen.^ 

14. The method of claim 13 wherein the monoclonal 
antibody is specific for an immunogenic glyco- 
peptide of a molecular weight of about 50-52 
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kD or an immunogenic glycopeptide of a molecu- 
lar weight of about 93 kD present on the viral 
surface . 

The method of claim 14 wherein the monoclonal 
antibody is produced by hybridoma IVI-10117, 
IVI-10118 or IVI-1Q119. 

The method of claim 1 wherein step (b), (c) * 
or Cd) is carried out in the presence of an 
effective amount of in terleukin-2 (IL-2). 

A method for production of a homogeneous popu- 
lation of T helper cells which are specific 
for a viral antigen comprising the steps of: 

(a) isolating a population of mononuclear 
cells (MNCs) from the blood of a donor 
mammal, wherein the MNC population com- 
prises T helper cells specific for said 
viral antigen and autologous, non- 
proliferative antigen -presenting cells 
CAPC); 

C*b) combining said isolated population of 
said MNCs with an amount of said viral 
antigen, and an amount of a monoclonal 
antibody which is specific for said viral 
antigen, effective to cause the proli- 
feration of a T helper cell which is 
specific for said antigen; 

(c) allowing said T helper cell to prolifer- 
ate for a period of time effective to 
allow non-proliferating MNCs to lose 
viability; and 
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Cd) clonally-expanding said antigen-specific 
T helper cell in the presence of an 
amount of non-prolif erative autologous 
antigen-presenting cells, non- 
proliferative, allogeneic antigen- 
presenting ceils or mixtures thereof; an 
amount of said viral antigen, and an 
amount of a monoclonal antibody which is 
specific for said viral antigen, said 
amounts being effective to proliferate 
said cloned antigen-specific T. helper 
cell, to yield said homogeneous popula- 
tion. 

18. The method of claim 17 wherein the viral anti- 
gen is an HCMV antigen. 

19. The me:nod of claim 17 wherein, in step ( d ) , 
the autologous non-proli f era t i ve A?Cs comprise 
non-prqliferative MNCs. 

20. Tne method of claim 19 wherein, in step (d), 
the autologous APCs or the allogeneic APCs 
further comprise non-proli f era tive LCLs in an 
amount effective to increase the proliferation 
rate of the T helper cell over that caused by 
the nonproliferative MNCs. 

21. A method for production of a homogeneous popu- 
lation of T helper cells which are specific 
for an antigen present on a human cytomegalo- 
virus (HCMV) structural protein comprising the 
steps of: 
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(a) isolating a population of mononuclear 
cells (MNC) from the blood of a donor 
mammal, wherein the MNC population com- 
prises T helper cells that have specifi- 
city for said human cytomegalovirus 
(HCMV) antigen and nonproli f erat ing , 
antigen-presenting cells (APC) f 

(b) combining said isolated MNC population 
with an amount of said human cytomegalo- 
virus (HCMV) antigen effective, to cause 
the proliferation of a T helper cell 
which is specific for said human cyto- 
megalovirus (HCMV) antigen; 

Cc) allowing said T helper cell to prolifer- 
ate for a period of time effective to 
allow non-proliferating MNCs to lose 
viability; and 

(d) clonally-expanding said antigen-specific 
T helper cell in the presence of an 
effective proliferating amount of said 
HCMV antigen, a monoclonal antibody 
specific for said human cytomegalovirus 
(HCMV) antigen, and an autologous, 
antigen-presenting cell selected from the 
group consisting of x-irradiated auto- 
logous MNCs, an x-irradiated Epstein-Barr 
Virus (EBV)-transf ormed lymphoblastoid 
cell line ( LCL ) and ml-xtures thereof, to 
yield said homogeneous population. 

The method of claim 21 wherein additional 
amounts of said viral antigen, said monoclonal 
antibody which is specific -for said viral 
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antigen, and said autologous, non- 
proliferative APCs, effective to cause the 
proliferation of said T helper cell, are added 
during the course of step (c) to cause further 
proliferation of said T helper cell. 

23. The method of claim 21 wherein step (b), (c) 
or (d) is carried out in the presence of an 
effective amount of int erleukin-2 (IL-2). 

24. A method for proliferating a homogeneous popu- 
lation of T helper cells which are specific 
for a viral antigen comprising combining said 
homogeneous population of T helper cells with 
an amount of said viral antigen and an amount 
of a mixture of non-proli f era tive , antigen- 
presenting cells (APC) effective to cause the 
proliferation of said population of V helper 
cells, wherein said mixture of APCs comprise 
(i) autologous or allogeneic virus-transformed 
lymphobiastoid cells (LCL) and (ii) autologous 
or allogeneic mononuclear cells ( MNC ) , wherein 
the LCLs are present in an amount effective to 
cooperate with the MNCs to increase the pro- 
liferation rate of the T helper cells. 

25. The method of claim 24 wherein the ratio of 
LCLs to MNCs is at least about. 1 : l-io. 

26. The method of claim 25 wherein said viral 
antigen is a human cytomegalovirus (HCMV) # 
antigen. 

27. The method of claim 24 further comprising com- 
bining said population of T helper cells with 
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an amount of a monoclonal antibody specific 
for said antigen, which is effective to 
increase the proliferation rate of said popu- 
lation of T helper cells. 

28. The method of claim 24 further comprising com- 
bining said population of T helper cells with 
an amount of interleukin-2 ClL-2) effective to 
increase the proliferation rate of said popu- 
lation of T helper cells. 

29. The method of claim 24 wherein the ratio of 
T helper "cells to LCLs is about 1:1-3. 

30. A method for production of a homogeneous popu- 
lation of T cytotoxic cells which are specific 
for a human cytomegalovirus (HCMV) antigen 
comprising the steps of: 

(a) isolating a population of mononuclear 
cells (MNC) from the blood of a donor 
mammal, wherein the MNC population com- 
prises T cytotoxic cells specific for 
HCMV viral antigens; 

(b) combining said isolated population, of 
said MNCs with (i) an amount of autolog- 
ous, non-prolif erat ive, antigen- 
presenting cells CAPCs), C ii 3 an amount 
of HCMV-infected autologous fibroblasts 
or whole HCMV antigen, and (Hi) an 
amount of interleukin-2 (IL-2), effective 
to cause the proliferation of a T cyto- 
toxic cell which is specific for an HCMV 
antigen expressed by said APCs; 
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(c) allowing said T helper cell to prolifer- 
ate for a period of time effective to 
allow non-proliferating MNCs to lose 
viability; and 

(d) clonally- expanding said antigen-specific 
T cytotoxic cel.l in the presence of (i) 
an amount of HCMV- in f ec t ed , non- 
proliferative, autologous antigen- 
presenting cells, HCMV- in f ected non- 
proliferative, allogeneic antigen- 
presenting cells or mixtures thereof, 
(ii) an amount of IL-2 and (iii) an 
amount of autologous HCMV- in f ected fibro- 
blasts or whole HCMV viral antigen effec- 
tive to proliferate said cloned antigen- 
specific T cytotoxic cell, to yield said 
homogeneous population. 

31. The method of claim 30 wherein said donor 
mammal is a human. 

32. The method of claim 30 wherein additional 
amounts of said viral antigen, said IL-2 and 
said autologous, non-prolif erative APCs effec- 
tive to cause the proliferation of said T 
cytotoxic cell are added during the course of 
step (c3 to cause further proliferation of 
said T cytotoxic cell. 

33. The method of claim 31 wherein in step (b) the 
population of MNCs is combined with HCMV- 
infected autologous fibroblasts. 

34. The method of claim 33 wherein in step (d), 
said antigen-presenting cells further comprise 



BNSDOCID:<WO 8807077A1> 



WO 88/07077 |B PCT/US88/00383 



-68- 

non-prolif erative MNCs derived from a con- 
tinuous autologous MNC line in an amount 
effective to increase the proliferation rate 
of the T cytotoxic cells in cooperation with 
the autologous mononuclear antigen-presenting 
cells, 

35. The method of claim 34 wherein the MNC line 
comprises a virus-transformed lymphoblastoid 
cell line, 

36. The method of claim 35 wherein the virus- 
transformed lymphoblastoid cell line comprises 
an Epstein-Barr Virus (EBV ^-transformed 
lymphoblastoid cell line. 

37. The method of claim 30 wherein step. Cb), (c) 
or (d) is carried out in the presence of an 
amount of a monoclonal antibody which is 
effective to increase the rate of prolifera- 
tion of said T cytotoxic cell, wherein the 
monoclonal antibody is specific for an HCMV 
antigen. 

38. The method for proliferating a homogeneous 
population of T cytotoxic cells which are 
specific for an antigen associated with a 
pathogen comprising combining said homogeneous 
population of T cytotoxic cells with an amount 
of interleukin-2 (IL-2) and an amount of a 
mixture of non-prolif era tive , antigen- 
presenting cells CAPC) effective to cause the 
proliferation of said population of T cyto- 
toxic cells, wherein said mixture of APCs 
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comprise allogeneic virus-transformed lympho- 
blastoid cells (LCL ) and allogeneic mono- 
nuclear cells (MNC) which express said 
antigen . 

39. The method of claim 38 wherein said antigen is 
a viral antigen, 

40. The method of claim 39 wherein said viral 
antigen is a human cytomegalovirus (HCMV) 
antigen, 

41. The method of claim 38 further comprising com- 
bining said population of T cytotoxic cells 
with an amount of monoclonal antibody 
specific for said antigen, effective to 
increase the proliferation rate of said popu- 
lation of cells. 

42. A pharmaceutical unit dosage form comprisjLng 
an amount of a homogeneous population of 
antigen-specific T lymphocytes comprising T^ 
cells or T c cells effective to increase an 
immune response of a mammalian recipient to a 
pathological target antigen upon parenteral 
administration of said dosage form; wherein 
said population of T lymphocytes is MHC LA- ■ 
matched with respect to the mammalian 
recipient; and wherein said T lymphocytes are 
antigen-specific for said pathological target 
antigen. 

43. A pharmaceutical unit dosage form comprising a 
mixture of a plurality of homogeneous popula- 
tions of antigen-specific T lymphocytes; 
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wherein said mixture comprises cells, T c 
cells or mixtures thereof; wherein each of 
said populations is specific for a pathologi- 
cal target antigen; wherein at least one of 
said plurality of T lymphocyte populations is 
MHC LA-matched with respect to a mammalian 
recipient; and wherein said mixture is effec- 
tive to increase an immune response of the 
mammalian recipient to at least one pathologi- 
cal target antigen upon parenteral administra- 
tion of said dosage form. 

A pharmaceutical unit dosage form comprising a 
plurality of separately packaged homogeneous 
populations of antigen-specific T lymphocytes 
comprising cells or cells; wherein each 
population comprises T lymphocytes specific 
for a pathological target antigen; wherein 
each population is effective to increase an 
immune response of an MHG-matched mammalian 
-recipient to said pathological target antigen 
upon parenteral administration of said popula- 
tion of T lymphocytes; and wherein at least 
one of said populations is MHC LA-matched with 
respect to the mammalian recipient. 

A pharmaceutical unit dosage form comprising 
an amount of a heterogeneous population of 
antigen-specific T lymphocytes comprising 
cells, T c cells or mixtures thereof effective 
to increase an immune response of a mammalian 
recipient toiat least one pathological target 
-antigen upon parenteral administration of said 
population of T lymphocytes; and wherein at 
least a portion of said population of T lym- 
phocytes are MHC LA-matched with respect to 
the mammalian recipient. 
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46. A pharmaceutical unit dosage form prepared by 
a process comprising combining a plurality of 
homogeneous populations of antigen-specific T 
lymphocytes comprising cells or T c cells 
with a pharmaceut ically-acceptable liquid 
carrier; wherein each T lymphocyte population 
is antigen-specific for a pathological target 
antigen; and wherein at least one T lymphocyte 
population is MHC LA-matched with respect to 
the mammalian recipient. 

47. The pharmaceutical unit dosage form of claims 
44, 45 or'46 wherein said plurality of T 
lymphocyte populations comprise antigen speci- 
ficities for a plurality of antigens asso- 
ciated with a particular pathological target. 

48. The pharmaceutical unit dosage form of claims 
44, 45 or 46 wherein said plurality of T 
lymphocyte populations comprise antigen 
specificities for a plurality of HCMV- 
associated antigens. 
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